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FOREWORD

The ITU Telecommunication Standardization Sec{tfU-T) is a permanent organ of the InternationBtlecom-
munication Union. ThelTU-T is responsible for studyindechnical, operatingand tariff questionsand issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, edtabtigbied
for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T Recommendation G.709 was prepared bylTheT Study GroupXVIIl (1988-1993) andvas approved by the
WTSC (Helsinki, March 1-12, 1993).

NOTES

1 As a consequence ofraform processvithin the Internationallelecommunication UniofiTU), the CCITT
ceased to exist as of 28 FebruaB93. In itsplace, thelTU Telecommunication Standardization SedidiU-T) was
created as of 1 March993. Similarly, in this reform processthe CCIR and thelFRB have been replaced by the
Radiocommunication Sector.

In order not to delay publication tiiis Recommendation, no change has been matleeitext to references containing

the acronyms “CCITT, CCIR or IFRB” otheir associated entities such as Plenssgembly, Secretariat, etEuture
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

2 In this Recommendation, the expression “Administration” is u$ed conciseness tdndicate both a
telecommunication administration and a recognized operating agency.

O ITU 1993

All rights reserved. No part dhis publicationmay bereproduced or utilized iany form or by anyneans, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation G.709

SYNCHRONOUS MULTIPLEXING STRUCTURE

(Melbourne, 1988, revised Geneva, 1991 and Helsinki, 1993)

The CCITT,

considering

(@) thatRecommendatiofs.707 describes the advantagétered by a synchronoudigital hierarchy (SDH) and
multiplexing method and specifies a set of SDH bit rates;

(b) that Recommendation G.708 specifies:
— the general principles and frame structure of the network node interface (NNI) for the SDH;
— the overall frame size of 9 rows by<\270 columns;
— the section overhead (SOH) together with its byte allocation;

— arrangements for international interconnection of synchronous transport modules (STMs);

(c) that Recommendations G.707, G.708 and G.709 form a coherent set of specifications for the SDH and NNI,

recommends

that theformats for multiplexingand mapping elementinto the STM-N at the NNI shall be as described in this
Recommendation.

1 General

1.1 Abbreviations

For the purpose of this Recommendation the following abbreviations are used:

AIS Alarm indication signal

APS Automatic protection switching
ATM Asynchronous transfer mode
AU-n Administrative unith

AUG Administrative unit group
BIP-X Bit interleaved parity-X

CAS Channel associated signalling
DCC Data communication channel
FEBE Far end block error

FERF Far end receive failure

HEC Header error control

NDF New data flag

NNI Network node interface

NPI Null pointer indication
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POH Path overHead

SDH Synchronous digital hierarchy
SOH Section overHead

STM(-N) Synchronous transport module (-N)
TU-n Tributary unitn

TUG (-n) Tributary unit group @)

VC-n Virtual container

VC-n-Xc X time concatenated V@-{(n =2 or 4)

1.2 Basic multiplexing structure
Descriptions of the various multiplexing elements are given in Recommendation G.708.

The relationships between the various multiplexing elements are shown in Figure 1-1. The detailed multiplexing structure
is described in the following subclauses.

NOTE — The order dransmission of information in athe diagrams in this Recommendation is firstn left toright and
then from top to bottom. Within each byte the most significant bit is transmitted first. The most significant bit (bit 1) is illustrated at the
left in all the diagrams.

139 264 kbit/s
(Note)

STM-N

44 736 kbit/s
34 368 kbit/s
(Note)

6312 kbit/s
(Note)

- 2048 kbitls
. 1VC—12 H C-12 ‘ (Note)

L 1544 kbit/s
‘ 1 VC-11 C-11 ‘ (Note)

T1819080-92/d01

Pointer processing

Multiplexing

R AEREERE Aligning

<+— Mapping

C-n Container-n

NOTE — G.702 tributaries associated with containerg &e shown. Other signals, e.g. ATM, can also be accommodated.

FIGURE 1-1/G.709
Multiplexing structure
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2 Multiplexing method

2.1 Multiplexing of administrative units into STM-N

2.1.1  Multiplexing of administrative unit groups (AUGS) into STM-N

The arrangement of N AUGs multiplex@ato the STM-N is shown in Figure 2-1. Th&UG is astructure of 9 rows

by 261 columns plus %ytes in row 4 (forthe AUn pointers). The STM-N consists of an SOH as described in
Recommendation G.708 and a structure of 9 rows By2R1 columns with Nx 9 bytes in row 4 (fothe AU pointers).

The N AUGs are one-byte interleaved into this structure and have a fixed phase relationship with respect to the STM-N.

1 261 1 261
1 9 1 9
L J
, #1 - #2
AUG. - T AUG
'RSOH I 123.N123.N T
123..N123..N
MSOH .
123 .. N
N x9 - _I:I_X_Z_G_l_ - T1819090-92/d02
STM-N

FIGURE 2-1/G.709
Multiplexing of N AUGSs into STM-N

2.1.2  Multiplexing of an AU-4 via AUG

The multiplexing arrangement of a single AUA4 the AUG is depicted irFigure 2-2. The ®ytes atthe beginning of

row 4 are allocated to the AU-4 pointer. The remaining 9 rows by 261 columns is allocated to the virtual container-4 (VC-
4). The phase of the VC-4 is not fixedth respect to the AU-4. The location of the fiogte ofthe VC-4 with respect to

the AU-4 pointer is given by the pointer value. The AU-4 is placed directly in the AUG.

2.1.3  Multiplexing of AU-3s via AUG

The multiplexing arrangement of three AUa8a the AUG is depicted irFigure 2-3. The ®ytes atthe beginning of row
4 are allocated to the AU-3 pointer. The remaining 9 rows by 87 columns is allocated to thend@&columns of
fixed stuff. The byte in each row of the two columns of fixed stuff of each AU-3 shtilelsame. The phase tife VC-3
and the twacolumns of fixed stuff is not fixedith respect to the AU-3. The location of the fibgte ofthe VC-3 with
respect to the AU-3 pointer is given by the pointer value. The three AU-3s are one-byte interleaved in the AUG.

Recommendation G.709  (03/93) 3



261

N1
5
C2|
G1
< VC-4
/
? Floating
VC-4 POH phase
4
[HLY Y H21* 1* H3H3H3
| V;’_/' AU-4
' (See Figure 3-4)
| Fixed
. phase
AUG
_________ T1819100-92/d03

2.2

221

FIGURE 2-2/G.709
Multiplexing on AU-4 via AUG

Multiplexing of Tributary Units into VC-4 and VC-3

Multiplexing of Tributary Unit Group-3s (TUG-3s) into a VC-4

The arrangement of thr8@JG-3s multiplexed irthe VC-4 is shown in Figure 2-4. TAR&JG-3 is a 9-row by 86-column
structure. The VC-4 consists of one column of VC-4 POH, two columns of fixed astdffa 258-columrpayload
structure. The threEUG-3s aresinglebyte interleavednto the 9-row by 258-column VC-ayload structurandhave a
fixed phase with respect to the VC-4.

As described in 2.1, the phase of the VC-4 with respect to the AU-4 is given by the AU-4 pointer.

2.2.2

Multiplexing of a TU-3 via TUG-3

The multiplexing of a single TU-@ia the TUG-3 isdepicted in Figure 2-5. ThHEU-3 consists ofhe VC-3 with a Syte
VC-3 POHand theTU-3 pointer. The first column dhe 9-row by 86-columiTUG-3 is allocated tahe TU-3 pointer

(bytes H1, H2, H3) and fixed stuff. The phase of the VC-3 with respect to the TUG-3 is indicated by the TU-3 pointer.

Recommendation G.709
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1 293031 585960 87
2
G1 VC-3 plus
F2 2 columns of
H4) fixed stuff
Z3
Z4)
Floating T Floating ? Floating
VC-3 POH phase  vC-3 POH phase vC-3 POH phase
HLH2HJ HIH2H3 HIH2H3
‘ A o B R c Three AU-3
One-byte
interleaved
fixed phase
P A A A
[ABCABCABC B B B
C C c| AUG

T1819110-92/d04

NOTE - The byte in each row of the two columns of fixed stuff of each AU-3 shall be the same.

FIGURE 2-3/G.709
Multiplexing of AU-3s via AUG

2.2.3  Multiplexing of TUG-2s via TUG-3

The multiplexing structuréor the TUG-2 viathe TUG-3 isdepicted in Figure 2-6. THEUG-3 is a 9-row by 86-column
structure with the first two columns accommodating the following :

— a Null Pointer IndicatioiNPI) contained irthe first threebytes ofthe first column. This NPI can be used
to distinguish between TUG-3s containing TU-3s and TUG-3s containing TUG-2s. See 3.2 for detalils ;

— stuffing in the other bytes of these two columns.
A group of seven TUG-2s can be multiplexed via the TUG-3.

The arrangement of seven TUG-2s multiplexed via the TUG-3 is depicted in Figure 2-7. The TUG-2s are one-byte
interleaved in the TUG-3.

2.2.4  Multiplexing of TUG-2s into a VC-3

The multiplexing structure for TUG-2s into a VC-3 is depicted in Figure 2-8. The VC-3 consists of VC-3 POH and a
9-row by 84-column payload structure. A group of seven TUG-2s can be multiplexed into the VC-3.

The arrangement of seven TUG-2s multiplexed into the VC-3 is depicted in Figure 2-9. The TUG-2s are one-byte
interleaved in the VC-3. An individual TUG-2 has a fixed location in the VC-3 frame.

Recommendation G.709  (03/93) 5
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86 columns

A
v

TUG-2 TUG-2

TUG-3
(7 x TUG-2)

7

TU-1
PTRs

A\ Fed st \\\

NN

/

PTR Pointer ‘

T1819140-92/d07
3VC-12sor4 VC-11s
in1xTUG-2

FIGURE 2-6/G.709
Multiplexing of seven TUG-2s via a TUG-3

2.2.6  Multiplexing of TU-1s via TUG-2s

The multiplexing arrangements of four TU-11s or three TU-12s via the TUG-2 are depicted in Figure 2-9. The TU-1s are
one-byte interleaved in the TUG-2.

2.3 Maintenance signals

2.3.1  Section maintenance signals

An alarmindication signalAlIS) is a signakent downstream as an indication thaupsatream failure has been detected
and alarmed.

The multiplex section AIS (MS-AIS) is detected as an all “1” in bits 6, 7 and 8 of the K2 byte after descrambling.

The multiplex section far end receive failure (MS-FERF) is used to return an indication to the transit endebeivite
end has detected an incoming section failure or is receiving section AlS.

MS-FERF is detected by a “110” code in positions 6, 7 and 8 of the K2 byte after descrambling.

Recommendation G.709  (03/93) 7



TU-2

TU-12

TU-11

U]

TUG3

®

@ s

NS

[
i a )y, v
2 NN

Fixed stuff

FIGURE 2-7/G.709
Multiplexing of seven TUG-2s via a TUG-3

85 Columns

(7 x TUG-2)

VC-3

TUG-2

TUG-2

TU-1
PTRs

PTR Pointer

9160-92/d09

3VC-12sor4 VC-11s
in1xTUG-2

FIGURE 2-8/G.709
Multiplexing of seven TUG-2s into a VC-3
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TU-11 TU-12 TU-2

R M O R @)

7 7 7 7 7 7 7 7 7 7 7 7

83 85
84

T1819170-92/d10

FIGURE 2-9/G.709
Multiplexing of seven TUG-2s into a VC-3

2.3.2  Path maintenance signals

The VCn (n =3, 4) or VC-4-Xc unequipped indication is an‘@!s in the virtual container path signal lakiblyte C2)

after descrambling. The VE&4{n =1, 2) unequipped indication is an all “0s” in the lower path signal label (bits 5-7 of the
V5 byte). This code indicates tde virtual container terminating equipment that the virtual container is intentionally
unoccupied so thatlarms can banhibited. This code is generated as an all “0”s in the virtual container path Isigelal

and a valid virtual container path BIP-8 (B3); the virtual container payload is unspecified.

The TUn (n =1, 2, 3) path AIS is specified as all “1"s in the entire MUAcluding the TUA pointer. Similarly, the AU-

n (n = 3, 4) pathAlS is specified asll “1”s in the entire AUn, including the AUn pointer. All pathAlS’s are carried
within STM-N signals having valid SOH.

The path status byte (G1) is used to convey to the originator of @({&-3 or 4) or to th&/C-4-Xc the terminating path
status angerformance. Bits through 4conveythe count of erroreg@arity blocks called faend block error(FEBE),

detected using the paBIP-8 code. This codbas nine legabalues, 0-8. The remainirggven possible valustiould be
interpreted as zero error. Bit 5 is a path FERF.

Recommendation G.709  (03/93) 9



2.4 Timing recovery

The STM-N (N=1, 4, 16) signal must have sufficient bit timing content at the NNI. A suitable bit pattern, prbiemnts
a long sequence of “1"s and “0"s is provided by using a scrambler.

The operation of the scrambler shall be functionally identictdabof aframesynchronous scrambler of sequence length
127 operating at the line rate.

The generating polynomialhall be 1+ X6 + X7. Figure 2-10gives afunctional diagram othe frame synchronous
scrambler.

Datain
(P
kT/
»D Q »D Q »D Q »D Q »D Q »D Q *—» D Q >+
S S > S S ™ S S > S
e e e A e s A e
clock
Scrambled
Frame pulse data out

T1819180-92/d11

FIGURE 2-10/G.709
Frame synchronous scrambler (functional diagram)

The scrambler shall be reset'td11111” on themost significanbit of thebyte followingthe lastbyte ofthe first row of
the STM-N SOH. This bitand all subsequent bits to berambled shall badded modulo 2 to the outpfiom the X7
position of the scrambler. The scrambler shall run continuously throughout the complete STM-N frame.

The first row of the STM-N SOH (9 N bytes, including the A1 and A2 framing bytes) shall not be scrambled.

NOTE — Careshould be taken iselectingthe binary content of the bytes reserved for natiosal andvhich areexcluded
from the scrambling process of the STM-N signal to ensure that long sequences of “1"s or “0”s do not occur.

3 Pointers

3.1 AU-n pointer
The AU pointer provides a method of allowing flexible and dynamic alignment of the Within the AUn frame.

Dynamic alignment meanthat the VCn is allowed to “float” within the AUa frame. Thus, the pointer is able to
accommodate differences, not only in the phases of the i@ the SOH, but also in the frame rates.

3.1.1  AU-n pointer location

The AU-4 pointer is contained bytes H1, H2and H3 as shown in Figure 3-The three individual AU-3 pointers are
contained in three separate H1, H2 and H3 bytes as shown in Figure 3-2.

10 Recommendation G.709  (03/93)



1 2 3 45 6 7 8 9 10 AUG 270

1 Negative justification
5 opportunity (3 bytes)
Positive justification
3 ~ ~ opportunity (3 bytes)
alH1 v v [H2 1* 2+ |w3mHams|o] - [-[1] ... ]-ss]-]-
5 87| -
6
7
8
9 521 -
125 ps
1 522
2
3 782 -
4(HLY Y |H2 1* 1* H3H3H30‘ 86
5
6
7
8
9
250 ps
T1819190-92/d12
1* All 1s byte

Y 1001SS11 (S bits are unspecified)

FIGURE 3-1/G.709
AU-4 pointer offset numbering

3.1.2  AU-n pointer value

The pointer contained in H1 and H2 designates the location of the byte where theegs. The two bytes allocated to
the pointer function can baewed as one word as shown in Figure 3-3. Thetéasbits (bits 7-16) of the pointer word
carry the pointer value.

As illustrated in Figure 3-3, the AU-4 pointer value is a binary number with a range of 0 to 782 which indiaaftsstthe

in three byte increments, between the pointer and the first byte of the VC-4 (see Figure 3-1). Figure 3-3 also indicates one
additional valid pointer, the concatenation indication. The concatenation indication is indicated by “1001” in bits 1-4, bits
5-6 unspecified, and ten “1"s in bits 7-Tkhe AU-4 pointer is set to concatenation indicationAU-4 concatenation

(see 3.1.7).

As illustrated in Figure 3-3, the AU-3 pointer value is also a binary number with a range @82 ®incehere are three
AU-3s in theAUG, each AU-3 has its own associated H1, at@l H3bytes. As shown in Figurg-2, the Hbytes are
shown in sequence. The first H1, H2, H3 set refethddirst AU-3,and the second set to the second AU-3, and so on.
For the AU-3s, each pointer operates independently.

In all cases, the AUkpointer bytes are not counted in the offset. For example, in an AU-4, the pointer value of O indicates
that the VC-4 starts in theytelocation thaimmediately followsthe last H3 te, whereas an offset of 8idicates that
the VC-4 starts three bytes after the K2 byte.

3.1.3  Frequency justification

If there is a frequencypffset betweerthe framerate of theAUG and that of the V@, then the pointevalue will be
incremented or decremented as needed, accompanied by a corresposding or negative justificatiobyte or bytes.
Consecutive pointer operations must be separated by at leasfréinnes(i.e. everyfourth frame) inwhich the pointer
value remains constant.

Recommendation G.709  (03/93) 11



1 2 3 45 6 7 8 9 10 AUG 270

1 Negative justification

opportunity (3 bytes)
2 T Positive justification
3 [ opportunity (3 bytes)
4|H1HL Hi[H2 H2 H2[H3 H3 W30 [0 o 1]  .... [es|ss[8s]ss
5 87|87
6
7
8
9 . 521'521 125 us
1 522522 "
2
3 782782
4H1H1H1H2H2H2H3H3H30‘ 86|86
5
6
7
8
9

250 pys

T1819200-92/d13

FIGURE 3-2/G.709
AU-3 pointer offset numbering

If the frame rate of the V@-is too slow with respect to that of the AUG, then the alignment of the ¥@st periodically

slip back in timeand the pointevalue must be incremented by one. This operation is indicated by inverting bits 7, 9, 11,
13 and 15(I-bits) of the pointer word to allow 5-binajority voting atthe receiver. Three positive justificatidoytes
appear immediately afténe last H3yte inthe AU-4frame containing inverted-bits. Subsequent pointers will contain

the new offset. This is illustrated in Figure 3-4.

For AU-3 frames, a positive justificatiobyte appears immediately aftdre individual H3byte of the AU-3 frame
containing inverted I-bits. Subsequent pointers will contain the new offset. This is illustrated in Figure 3-5.

If the frame rate ofhe VCn is too fastwith respect to that of th&UG, then the alignment of the V@must periodically

be advanced in time and the pointer value must be decremented by one. This operation is indicated by inverting bits 8, 10,
12, 14 and 1€D-bits) of the pointer word to allow 5-hitajority voting atthe receiver. Three negative justificatibgtes

appear inthe H3bytes inthe AU-4 frame containing inverted D-bits. Subsequent pointers will contain the affset.

This is illustrated in Figure 3-6.

For AU-3 frames, a negative justification byte appears in the individualyté3ofthe AU-3framecontaining inverted D-
bits. Subsequent pointers will contain the new offset. This is illustrated in Figure 3-7.

3.1.4 New data flag (NDF)

Bits 1-4 (N-bits) of the pointer wordarry aNDF which allows ararbitrary change ahe pointervalue ifthat change is
due to a change in the payload.

12 Recommendation G.709  (03/93)



H1 H2 H3

12345678 910111213141516
NNNNSSID[IDIDIDID]

‘ T T T1819210-92/d14

10 bit pointer value

Negative Positive
justification justification
I Increment bit opportunity opportunity
D Decrement bit
N New data flag bit
New data flag Pointer value (bits 7-16)
— Enabled “1001” — Normal range
— Disabled “0110” AU-4, AU-3: 0-782 decimal
TU-3: 0-764 decimal
Negative justification
— Invert 5 D-bits

— Accept majority vote

ss Concatenation indication
—1001SS1111111111 (S bits are unspecified
valoes | AU-nTU-n type ( pecified)
10 AU-4, AU-3, TU-3 Null pointer indication (NPI)
—1001SS1111100000 (S bits are unspecified)

Positive justification
— Invert 5 I-bits
— Accept majority vote

NOTES
1 NPl value applies only to TU-3 pointers.
2 The pointer is set to all “1”s when an AIS occurs.

FIGURE 3-3/G.709
AU-n/TU-3 pointer (H1, H2, H3) coding

Four bits are allocated to tlflag to allow error correction. The decodiny beperformed by acceptingDF enabled if
at least three bits match. Normal operatiomilicated by a “0110tode in the N-bits. NDF is indicated by inversion of
the N-bits td1001". The new alignment is indicated by the pointalue accompanyinthe NDF andakes effect at the
offset indicated.

3.1.5 Pointer generation

The following summarizes the rules for generating therAbinters.

1) During normal operation, the pointer locates the start of the M@hin the AUn frame. TheNDF is set
to “0110".

2) The pointer value can only be changed by operation 3, 4 or 5.

3) If a positive justification igequired, the current pointealue is senwith the I-bits inverted and the
subsequent positive justification opportunity is filledth dummy information. Subsequent pointers
contain theprevious pointer value incremented by onéhdfprevious pointer is at itshaximum value, the
subsequent pointer is set to zero. No subsequent increment or decrement operation igaallaledst
three frames following this operation.

Recommendation G.709  (03/93) 13



4) If a negative justification is requirethe current pointeralue is senwith the D-bits invertedand the
subsequent negative justification opportunity is overwrittith actual data. Subsequent pointers contain
the previous pointer value decremented by one. Iptaeious pointer value is zerthe subsequent pointer
is set to itsmaximum value. Nesubsequent increment or decrement operation is allfovest least three
frames following this operation.

5) Ifthe alignment of the V@-changes for any reasother than rules 3 or 4, the new pointatue shall be
sent accompanied by NDF set“@01”. The NDF only appears ithe firstframethat contains the new
values. The new location of the MChegins at the first occurrence of tbffset indicated by the new
pointer. No subsequent increment or decrement operation is allowed for #trieesames followingthis

operation.
12345678910 AUG 270
1 Start of VC-4
3
4H1Y Y]H2 1* 1*[H3H3H3
5 >
n-1nnnn+1n+1
Frame 1
2 125 ps
| Pointer value (n)
3
4H1Y Y H2 1* 1*[H3H3H3
5 »
n=-1nnnn+ln+1
Frame 2
2 250 ps
— Pointer value (I-bits inverted)
3
4H1Y Y H2 1* 1¥H3H3H3 l«— Positive justification bytes (3 bytes)
S n-1nnn[n+1in+1
Frame 3
2 375 us
— Pointer value (n+ 1)
3
4H1Y Y[H2 1* 1*[H3H3H3
I'N
S n-1nnnjn+1,n+1
Frame 4
9 500 s

T1819220-92/d15
1* All 1s byte
Y 1001SS11 (S bhits are unspecified)

FIGURE 3-4/G.709
AU-4 pointer adjustment operation — positive justification

14 Recommendation G.709  (03/93)



= © abhw = © b w = © a1 b w =

abhw

9

T Indicates pointer operating on VC-3 # 3

3.1.6

1234567 8 910 AUG 270

Start of VC-3#3
H1H1H1H2H2H2H3H3H3
T nn’nn+l,n+l,n+l,n+2
Frame 1
125 ps
— Pointer value (n)
H1H1H1H2H2H2H3H3H3
4 2 nnlnn+l,n+1 n+1 n+2
Frame 2
250 pys
— Pointer value (I-bits inverted)
H1H1H1H2H2HZH3H3H3[ | | |«— Positive justification byte for VC-3 # 3
4 4 nn|nn+1,n+1{n+1,n+2
Frame 3
375 us
— Pointer value (n+ 1)
H1H1H1H2H2H2H3H3H3
T 1 nnlnn+1,n+1n+1,n+2
Frame 4
500 ps

T1819230-92/d16

FIGURE 3-5/G.709
AU-3 pointer adjustment operation — Positive justification

Pointer interpretation

The following summarizes the rules for interpreting the mpbinters.

1)

2)

3)

4)

5)

During normal operation, the pointer locates the start of tha W@hin the AUn frame.

Any variationfrom the current pointevalue is ignored unless a consistent new value is received three
times consecutively or it is preceded by onéhefrules 3, 4 or 5Any consistent new value received three
time consecutively overrides (i.e. takes priority over) rules 3 or 4.

If the majority ofthe I-bits of the pointer word are inverted,pasitive justification operation isdicated.
Subsequent pointer values shall be incremented by one.

If the majority ofthe D-bits of the pointer word are invertechegative justification operation is indicated.
Subsequent pointer values shall be decremented by one.

If the NDF is set td1001", then the coinciderpointer value shall repladbe current one at theffset
indicated by the new pointer value unless the receiver is in a state that corresponds to a loss of pointer.
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1 23456 78910 AUG 270

1 Start of VC-4
3
4H1Y Y [H2 141 H3H3H3
5 >
n=-1lnnnn+ln+1
Frame 1
2 125 ps
— Pointer value (n)
3
4H1Y Y [H21*14H3H3H3
° n—2,n—l,n—l,n—i nnnn+ln+1
Frame 2
2 250 ps
| Pointer value (D-bits inverted)
3
4H1Y Y [H21*14 <— Negative justification bytes (data)
5
n-2{n-1,n-1,n-1{nnnn+ln+l
Frame 3
H 375 us
— Pointer value (n— 1)
3
4H1Y Y [H21*14H3H3H3
5 j
n-2|\n-1,n-1L,n-1{nnnn+ln+1l
Frame 4
° 500 us

T1819240-92/d17
1* All 1s byte
Y 1001SS11 (S bits are unspecified)

FIGURE 3-6/G.709
AU-4 pointer adjustment operation — Negative justification

3.1.7  AU-4 concatenation

AU-4s can be concatenated together to form an AU-4-Xc which can transport payloads requiring greateticapaciey
container-4 capacity. A concatenation indicatiosed to show that this multi containepdyload carried in a single VC-
4-Xc should bekept together, is contained the AU-4 pointer.Thecapacity available fothe mapping,the multi
container-4, isX timesthe capacity ofthe container-4 (e.ge99 040Mbit/s for X = 4 and 2 396 16@bit/s for X = 16).
Columns 2 taX of theVC-4-Xc are specified as fixed stuff. The first columrtloé VC-4-Xc is usedfor the POH. The
POH is assigned tthe VC-4-Xc (e.g.the BIP-8 covers261 X columns of the VC-4-Xc). Th¥C-4-Xc is illustrated in
Figure 3-8.

The first AU-4 of an AU-4-Xc shalhave a normal range of pointer valuadl. subsequent AU-4svithin the AU-4-Xc
shallhavetheir pointer set to concatenation indicati@001” in bits 1-4, bits 5-6 unspecified, and ten “1"s in bits 7-16.

The concatenation indication determines that the pointer processors shall perform the same operations as performed on the
first AU-4 of the AU-4-Xc.
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1 23456 78910 AUG 270

1 Start of VC-3 #
3
4|H1H1H1H2H2H2H3H3H3
5 n-1,n-1,n-1,nnlnn+1,n+1,n+1 n+2
Frame 1
&i 125 ps
— Poainter value (n)
3
4[H1H1H1H2 H2H2H3H3H3
5 T ? n-1,n-1,n-1,nnlnn+1,n+1,n+1 n+2
Frame 2
2 250 ps
| Painter value (D-bits inverted)
3
4[HIHIHIH2H2H2H3H3[  <«— Negative justification byte for VC-3 # 3
5
n-=1, n-1 n-1,nninn+1,n+1,n+1,n+2
Frame 3
H 375 us
— Pointer value (n— 1)
3
4H1H1H1H2H2H2H3H3H3
5 >
T ? n=1n-1n-1,nninn+1l,n+1l,n+1,n+2
Frame 4
° 500 pis

. ] . T1819250-92/d18
T Indicates pointer operating on the VC-3 # 3

FIGURE 3-7/G.709
AU-3 pointer adjustment operation — Negative justification

3.1.7.1 Pointer generation

The following additional pointer generation rule slegdply for AU-4pointers. If an AU-4-Xc signal is being transmitted,
a pointer is generated fohe first AU-4 only. The Concatenation Indication is generated in place of the Althér
pointers in the AU-4-Xc. All operations indicated thye AU-4 pointer in the first AU-4pply toeach AU-4 in theAU-4-
Xc.

3.1.7.2 Pointer interpretation

The following additional pointer interpretation rule shalply for AU-4 pointers. If the pointer contains the
Concatenation Indication then the operatipegformed orthe AU-4 are identical to thogeerformed orthe first AU-4
within the AU-4-Xc. Any variationfrom the concatenation indication is ignored unless a consistent new pahieris
received three times consecutively.

3.2 TU-3 pointer

The TU-3 pointer provides a method of allowing flexilaled dynamic alignment of VC-3within the TU-3 frame,
independent of the actual content of the VC-3.

3.2.1  TU-3 pointer location

Three individual TU-3 pointers are contained in the three separate H1, H2 and H3 bytes as shown in Figure 3-8.
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270 x N bytes
261 x N bytes STM-N

A A
©
X
z
y
A

3 RSOH

1 AU-nPTRs VC-4-Xc

Ji

B3
5 MSOH c2

Gl

Fixed C-4-Xc
Y F2 stuff

H4

Z3
pL

Z5

1 X-1 260 x X

A

PTR Pointer 162 x X bytes

A

T1816540-92/d19

FIGURE 3-8/G.709
VC-4-Xc structure

WhenTUG-2s are multiplexeéhto a VC-4, theTU-3 pointer location is set to Mull Pointer Indication(NPI). NPI is
indicated by “1001” in bits 1-4, bits 5- 6 unspecified, five “1"s in bits 7-11 followed by five “0”s in bits 12-16.

3.2.2  TU-3 pointer value

The TU-3 pointer value contained in H1 and H2 designates the locationmftthehere the VC-3 begins. The tvbytes
allocated to the pointer function can \iewed as one word as shown in Figure 3-3. Theté@sbits (bits 7-16) of the
pointer word carry the pointer value.

The TU-3 pointer value is a binary numhéth a range of 0-764 which indicates thiéset betweerthe pointer and the
first byte of the VC-3 as shown in Figure 3-9.

3.2.3  Frequency justification

If there is a frequency offset between the TU-3 frame rate and that of the VC-3, then thevphietaiill be incremented
or decremented as needed, accompanied by a correspgogitige or negative justification byte. Consecutive pointer
operations must be separated by at least three frames in which the pointer value remains constant.
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1 910 AUG 270

y 261 N
[« >
Jl H1{H1|H1
AU-4 pointer B3| H2|H2|H2 ve-4
E H3|[H3[H3l o [o o |21 |83|83|84|84|84
Gl 85|85 (85|86 |86
k2]
i Fixed
z3| stuff
Z4
\E |593|593|593|594|594|594
1] H1|H1|H1[s95]505]505 506 125ps
AU-4 pointer B3] H2(H2|H2 763|763 (763|764 764|764
\ E H3H3H30|0|0|1|1| 83 (83|83 (84|84 |84

T1819260-92/d20

FIGURE 3-9/G.709
TU-3 pointer offset numbering

If the framerate of the VC-3 is too slowith respect to that of thEU-3 framerate, then the alignment of the VQOaBust
periodically slip back in timand the pointemust be incremented by one. This operation is indicated by inverting bits 7,
9, 11, 13 and 1%l-bits) of the pointer word to allow 5-bihajority voting atthe receiver. A positive justificatiotyte
appears immediately afténe individual H3byte inthe TU-3 framecontaining inverted-bits. SubsequentU-3 pointers

will contain the new offset.

If the frame rate of the VC-3 is too fast with respect to that of the TU-3 frame rate, then the alignment of the VC-3 must be
periodically advanced in time and the pointer must be decremented by one. This operation is indicated by inverting bits 8,
10, 12, 14 and 1€D-bits) of the pointer word to allow 5-hibajority voting atthe receiver. A negative justificatiobyte

appears irthe individual H3byte inthe TU-3 framecontaining inverted D-bits. Subsequdii-3 pointerswill contain

the new offset.

3.2.4  New data flag (NDF)

Bits 1-4 (N-bits) of the pointer wordarry anNDF which allows ararbitrary change afhe value ofthe pointer if that
change is due to a change in the VC-3.

Four bits are allocated to the flag to allow for error correction. The decoding may be performed by a¥&#peémagbled

if at least three bits match. Normal operation is indicated by a “0110” code in the N-bits, NDF is indicated by inversion of
the N-bits td1001". The new alignment is indicated by the pointalue accompanyinthe NDF andakes effect at the
indicated offset.

3.2.5  Pointer generation

The following summarizes the rules for generating the TU-3 pointers:

1) During normal operation, the pointer locates the start of the W@k the TU-3 frame. TheNDF is set
to “0110".

2) The pointer value can only be changed by operation 3, 4 or 5.
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3)

4)

5)

If a positive justification igequired, the current pointealue is sentwith the I-bits inverted and the
subsequent positive justification opportunity is filledth dummy information. Subsequent pointers
contain theprevious pointer value incremented by onéhéfprevious pointer is at itsiaximum value, the
subsequent pointer is set to zero. No subsequent increment or decrement operation igaallaledst
three frames following this operation.

If a negative justification is requirethe current pointevalue is senwith the D-bits invertedand the
subsequent negative justification opportunity is overwrittith actual data. Subsequent pointers contain
the previous pointer value decremented by one. Ipteeious pointer value is zerthe subsequent pointer
is set to itsmaximum value. Nesubsequent increment or decrement operation is allfovest least three
frames following this operation.

If the alignment of the VC-3 changis any reasomther than rules 3 or 4, the new pointafue shall be

sent accompanied by the NDF set to “1001". The NDF only appears in the first frame that contains the new
value. The new VC-3 location begins at the first occurrence afftbetindicated by the new pointer. No
subsequent increment or decrement operation is allowed for at least three frames following this operation.

3.2.6  Pointer interpretation

The following summarizes the rules for interpreting the TU-3 pointers:

1)

2)

3)

4)

5)

6)

During normal operation the pointer locates the start of the VC-3 within the TU-3 frame.

Any variationfrom the current pointevalue is ignored unless a consistent new value is received three
times consecutively or it is preceded by one of rules 3, 4 or 5. Any consistent new value received three
times consecutively overrides (i.e. takes priority over) rules 3 or 4.

If the majority of the I-bits of the pointer word are inverted, a positive justificatimlisated. Subsequent
pointer values shall be incremented by one.

If the majority of the D-bits of the pointer word are inverted,nagative justification is indicated.
Subsequent pointer values shall be decremented by one.

If the NDF is set td1001”, then the coinciderpointer value shall repladbe current one at theffset
indicated by the new pointer value unless the receiver is in a state that corresponds to a loss of pointer.

If the TU-3 pointer containthe NPI, thenany variation is ignorednless a consistent new pointer value is
received three times consecutively.

3.3 TU-1/TU-2 pointer

The TU-1 pointer is only used with floating mapping. Floating and locked modes of operation are described in 5.7.

The TU-1andTU-2 pointers provide a method of allowing flexitsled dynamic alignment othe VC-1/VC-2 within the
TU-1 and TU-2 multiframes, independent of the actual contents of the VC-1/VC-2.

3.3.1 TU-1/TU-2 pointer location

The TU-1/TU-2 pointers are contained in the V1 and V2 bytes as illustrated in Figure 3-10.

3.3.2  TU-1/TU-2 pointer value

The Tributary Unit pointer word is shown in Figure 3-11. The two S bits (bits 5 and 6) indicate the Tributary Unit type.
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The pointer value (bits 7-16) is a binary numisbich indicates theffset from V2 tothe firstbyte ofthe VC-1/VC-2.
The range of theffset is different for each @he Tributary Unit sizes as illustrated in Figure 3-12. The poirttgies are
not counted in the offset calculation.

State of H4 byte
TU

XXXXXX00 [ VI
VC VC-11 VC-12  VC-2
L, o
V5
26 35 107
XXXXXX01 [ vz |2oHs |
J2 ¥
26 35 107
XXXXXX10 [ v3 ]2°0Hs 762
26 35 107
z7 ¥
XXXXXX11 [ va 1375 Hs
26 35 107
104 140 428
500 ps T1819270-92/d21

@ Allocation of these bytes is provisional.

TU  Tributary unit VC capacity (byte/500 pis)
VC Virtual container

V1l VC Pointer 1

V2 VC Pointer 2

V3 VC Pointer 3 (action)

V4 Reserved

NOTE - V1, V2, V3 and V4 bytes are part of the TU and are terminated at the
pointer processor.

FIGURE 3-10/G.709
Virtual container mapping in multiframed tributary unit
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V1 PTR1 PTR Pointer
V2 PTR2
i +— Zero pointer offset location

V3 PTR3 (actlon) <+— Negative justification opportunity
. «— Positive justification opportunity
va

Vi V2

[N[N|N|N|S|S|I|D[I[D|I|D|I[D|I]|D]
(S bits specify size)
TU-2 [0]1]1]0]0|0] 10 hitpointer value |

TU-12 [0]1]1]0[1[0] 10 bitpointer value |

TU-11 [0]1]1]0]1[1] 10 bit pointer value | T1810280-021022

New data flag
— Invert 4-N bits
— Accept only exact match

Negative justification Positive justification
— Invert 5-D bits — Invert 5-1 bits
— Accept majority vote — Accept majority vote

Pointer value

— Normal range

TU-2  0-427 decimal
TU-12 0-139 decimal
TU-11 0-103 decimal

Concatenation indication
—1001SS1111111111 (S bits are unspecified)

FIGURE 3-11/G.709
TU-1/TU-2 pointer coding

3.3.3  TU-1/TU-2 multiframe indication byte

TU-1/TU-2 multiframe indication byte (H4) relates to the lowest levéh@fmultiplexing structure and indicatesaiety
of different multiframes for use by certain payloads. Specifically it provides:

— 500microseconds (4-frame) multiframe identifying franoemtaining TU-1/TU-2 pointers ithe floating
TU-1/TU-2 mode, and reserved byte locations in the locked TU-1 mode;

— 2 ms (16-frame) multiframe for byte synchronchannel associated signallifay 2048kbit/s payloads in
the locked TU-1 mode;

— 3 ms (24-frame) multiframe for byte synchronehannel associated signallifay 1544 kbit/s payloads in
the locked TU-1 mode.

The value othe H4byte, readrom the VC-3/VC-4 POH, identifies thigeame phase of the next VC-3/VC+ayload as
shown in Figure 3-13. The coding of the H4 byte is illustrated in Figures 3-14, 3-15 and 3-16.

22 Recommendation G.709  (03/93)



TU-11 TU-12 TU-2

V1 V1 V1
78 105 321
103
V2 139
0 V2 427
: 0 V2
- 0
25
V3
26 34
o V3
5‘ I 35 106
va V3 | «— Negative justification opportunity
52 107 |<4— Positive justification opportunity
o 69
-
70
213
V4
214
104
320 | 11819200-02/d23
V1l PTR1
V2 PTR2
V3 PTR3 (action)
V4 Reserved

FIGURE 3-12/G.709
TU-1/TU-2 pointer offsets

For network elements thaperate only irthe floatingTU-1/TU-2 mode, a simplified multiframe alignment bytay be
used. The simplifiedersion provides onlthe 500microseconds multiframe. The 2 or 3 ms multiframe of any signalling
within floating TU-1s isindicated by per-tributarynit multiframe indicators carriedithin the TU-1. Figure 3-10 shows
the VC-1/VC-2 mapping in the multiframed TU-1/TU-2.

A converter fromlocked to floating Tributary Units is permitted to pass H4 through transparently. A corfvemer
floating to locked Tributary Units must recover and align the multiframes from all of the floating tributary units and so can
transmit any convenient full multiframe on the locked tributary unit side.

3.3.4  TU-1/TU-2 frequency justification

The TU-1/TU-2 pointer izised to frequency justify the VC-1/VCeXactly inthe same wayhat theTU-3 pointer isused

to frequency justify the VC-3. Aositive justification opportunity immediately follovike V3 lyte. Additionally, V3

serves ashe negative justification opportunityuch that when the opportunity is taken, V3 is overwritten by data. This is
also shown in Figure 3-12. The indication of whether or not a justification opportunity has been taken is provided by the
I- and D-bits of the pointer in the current tributampit multiframe. The value contained in Wéhen not being usefr a

negative justification is not defined. The receivereiguired to ignore thealue contained in V3 whenever it is not used

for negative justification.
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24

VC-3/VC-4 POH

!

TU PTR (V4)

VC-3/VC-4 payload

9 row

H4(00)

v
TU PTR (V1)

VC-3/VC-4 payload

H4(01)

TUPTR (V2)

VC-3VC-4 d
H4(10) payloa

v
TUPTR (V3)

VC-3/VC-4 payload

H4(11)

TU PTR (V4)

VC-3/VC-4 payload

H4(00)

A 4 T1819300-92/d24

TU PTR Tributary unit pointer
FIGURE 3-13/G.709

An example of TU-1/2 multiframe indication using H4 byte
(the case of 50Qus multiframe)

3 ms 1544 kbit/s

—_ multiframe
: 2 ms 2048 kbit/s
multiframe
500 ps
- 1 .
. TU multiframe

P1 Po Sl, Sl Cs C, C, T

1 2 3] 4 5| 6| 7 8
Modulo 4 Modulo 3 Modulo 8 Modulo 2

T1819310-92/d25

FIGURE 3-14/G.709
Tributary Unit multiframe indicator byte (H4)
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Time

2 ms 2048 kbit/s signalling cycle
3 ms 1544 kbit/s signalling cycle
6 nrs cycle repeat time

500us TU Multiframe

Frame

O—=NMm
— —

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

O NMTOOMNWOD

Bit

34 567

12

OO 0101010101010 d10d10 101010101010 1010101010100

OO A1 00 —"dd1 00 d100d100 11001100100 A1 00"d100d100—"A"100O
OCOO0O0OTAdAAdd10 000 dddd100 00 A0 0 00 ddrdcd10O0O0O0AddddO0O0O0O
OCO0OO0O0O0O0O0O0ATAAddrdd 100000000 AdTAdddrddd 1 O00O0O0OO0O0OO A rdAdA A

OO0 Hdd10000dd10000—"110000H10000"d10000"110000—"-1000O0—H+H0OO
OCO0OO0O0Odd10000 1100001000010 000—"dd10000—"d1000O0—"A100O0O -

COO0O0O0CO0OAdddAdddd1000 000 A ddddd100O0 000 dAddddd1O0 000 OCO A AAAA
OCOO0O00O0CO00O0O0O0CO0TddATAdAddd A A cdd 1 0O0 0000000000 A rdA A

TU  Tributary unitt

NOTE - Full H4 coding sequence is mandatory in locked TU mode and optional in floating TU

mode.

FIGURE 3-15/G.709

Tributary Unit multiframe indicator byte (H4) full coding sequence

25
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Bit .
Frames Time
12 34 567 8
11 11 110 0 0 0
11 11 110 1 1
11 11 111 0 2
11 11 111 1 3 Multitrame d'unité TU de 50

TU  Tributary unit

NOTES

1 Use of reduced mode can be detected by bits 3 arfd4

2 Reduced H4 coding sequence is optional in floating TU mode.

FIGURE 3-16/G.709

Tributary Unit multiframe indicator byte (H4)
reduced coding sequence

3.3.5 TU-1/TU-2 sizes

Bits 5 and 6 of TU-1/TU-2 pointer indicate the size of the TU. Three sizes are currently provided as indicated in Table 1.

TABLE 1/G.709

. - . TU-n pointer range
Size Designation (in 5004s)
00 TU-2 0-427
10 TU-12 0-139
11 TU-11 0-103

NOTE - This technique is only used at the TU-1/TU-2 levels.

3.3.6  New data flag (NDF)

Bits 1-4 (N-bits) of the pointer word carry an NDF. It is the mechamibioh allows ararbitrary change dhevalue of a
pointer, andpossibly alsahe size of thélributary Unit, if that change is due to a change in plagload. Ifthe change
includes a change in size then, implicitly, there must be a simultaneous new data transition in @lilmftdmy Units in
the TUG-2.

As with the TU-3 pointer NDF, the normalvalue is“0110” (transmitted), and thealue “1001” (received exactly)
indicates a new alignmefudr the VCn, andpossiblynew size. If a new size is indicated, thenTaibutary Unit pointers
in the TUG-2 must simultaneouslindicate NDF with thesamenew size. The new alignmerdand possibly size, is
indicated by the pointer value and size value accompanying the NDF and takes effect at the offset indicated.
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3.3.7 TU-2 concatenation

TU-2s may beconcatenated téorm a TU-2-mc(concatenated m TU-2s) when apayload isrequired ofmorethan a
Container-2. Thigorms amulti Container-2 payload/hich is carried in a singl¢C-2-mc (concatenated m x VC-2). The
rules by which TU-2s can be concatenated are separated into three categories:

— concatenation of contiguous TU-2s in the higher order VC-3;
— sequential concatenation of TU-2s in the higher order VC-4;

— virtual concatenation of TU-2s in the higher order VC-4.

The details and extensibility of the concept of virtual concatenation of TUs are for further study.

3.3.7.1 Concatenation of contiguous in the higher ordern VC-3

TU-2swhich are contiguous itime in the higher order VC-3 in which the are carried are concatenated together by the
use of the concatenation indicatigtf1001” in bits 1-4, bits 5-6 unspecified, and all ones in bits 7-16 ofTiHe2

pointer). The Concatenation Indication determines that the TU-2 pointer processor performs all the operations as indicated
by the first TU-2 pointer in the TU-2-mc.

With this type of concatenation th#C-2-mccontains a single Virtual container PQ¥hich appears in VC-2 # 1 of the
VC-2-mc.

3.3.7.2 Sequential concatenation of TU-2s in the higher order VC-4

This type of concatenation which allows the simultaneous transpoftye2-mcsand TU-3s inhte same VC-4 isunder
study.

3.3.7.3 Virtual concatenation of TU-2s in the higher order VC-4

This method of cancatenation allows fbe transport of a singl¢C-2-mc in mx TU-2 without the use of concatenation
indication in the pointebytes. The method only requiréise path termination equipment pyovide concatenation
functionality.

Virtual concatenation requires the concatendeloutary Unit signals at the origin of the path to be launched with the
same pointer value. The so formed Tributary Units at each inteface shall be kept in a single higher order VC-4

When the higher order VC-4 is terminated, the restrictionsally in passinghe concatenate@ributary Unitsfrom
one interface to another is that all of the concatentitdditary Units are connected to a single higher order VC-4 and
that the time sequencing of the concatenated Tributary Uunits in not altered.

Differences in delay ofhe individual concatenated VC-2 signatsly occur due to pointeprocessing at intermediate
equipment. Thenaximum difference ipointer valuewithin a concatenategroup at any interface is for further study. At
the path termination the VC-2-mc can be reconstructed by using the pointer values for alignment.

Each concatenated VC-2 signal wékrry its own POH. At theVC-2-mc path termination, the individud@IP-2s are
aggregated to give a single BIP error monitor.

The details and the extensibility of the virtual concatenation method within the VC-4 are under study.

NOTE — With virtual concatenation, tlaeailable capacity ahe VC-2-mc is lowerthan thatwith contiguous concatenation
due to the fact that with thartual concatenation each VC-2 carries its own POH contrary to contiguous concatenation where only the
VC-2 # 1 of theVC-2-mc carries its owPOH. In order to be able to interconn¥&-2-mc using different types of concatenation, the
mapping of signals in VC-2-mcs should based on théower available capacity, namellje capacity ol/C-2-mc based orvirtual
concatenation. Stuffing bytes should be inserted in the2W payloadbased upon contiguous concatenatiom¢oommodate the
difference in capacity.
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3.3.8  TU-1/TU-2 pointer generation and interpretation

The rules for generating and interpreting the TU-1/TU-2 pointethiol/C-1/VC-2 are an extension to the rybesvided
in 3.2.5 and 3.2.6 for the TU-3 pointer with the following modifications:

1) The term TU-3 is replaced with TU-1/TU-2 and the term VC-3 is replaced with VC-1/VC-2.

2) Additional pointer generation rule 6: If the size of the tributari within aTUG-2 is tochange, then an
NDF, as described in rule 5, is to be sent in all Tributary Units of the new size in the group simultaneously.

3) Additional pointer interpretation rule 7: If an NDF of “1001” and an arbitrary new size of trihuiargre
received simultaneously in all dfe tributary units within FUG-2, then the coincident pointers asizes
shall replace the current ones immediately.

4) If the TU-2 pointer containthe concatenation indication, thany variation is ignorednless a consistent
new pointer value is received three times consecutively.

4 Path overhead description

4.1 VC-3/VC-4/VC-4-Xc POH

The VC-3 POH is located in the first column of the 9-row by 85-column VC-3 structure.

The VC-4 POH is located in the first column of the 9-row by 261-column VC-4 structure.

The VC-4-Xc POH is located in the first column of the 9-row by 261 X-column VC-4-Xc structure.

The VC-3/VC-4/VC-4-Xc POH consists of nine bytes denoted J1, B3, C2, G1, F2, H4, Z3-Z5 (see Figures 2-2, 2-3 and 3-
8). These bytes are classified as follows:

— Bytes used for end-to-end communication with independent payload function: J1, B3, C2, G1.
— Payload type specific bytes: H4, F2, Z3.
—  Byte reserved for future international standardization: Z4.

— Byte which can be overwritten in an operator domain (withaffécting the end-to-endoerformance
monitoring facility of the byte B3): Z5.

VC-3/VC-4/VC-4-Xc path trace (J1) — This is the fitstte in the virtual container; its location is indicated by the
associated AUt or TU pointer. This byte is used to repetitively transntiigh order patlaccess point identifier so that
a path receiving terminal carify its continued connection to the intended transmitter. Thisgmatbss point identifier
may use a 64-bytdree formatstring or thel6-byteE.164format asdescribed belowvithin a national network. At an
international boundary, only the E.164 format shall be used. Where the 16-byte format is transferréd-bytadield it
shall be repeated four times.

Path trace format: A 16-byte frame is defined for the transmission of this E.164 numbering. The firsthey/raig is a
frame start markerand includes the result of a CRC-7 calculatimer the previous frame. The following 15 bytes are
used for the transport of 15 ASCII characters required for the E.164 numbering format. The 16-byte frame is given below:

1CCC CcccC Frame start marker
OXXX XXXX byte 2
OXXX XXXX byte 16

OXXXXXXX: ASCII character of the E.164 string.
ASCII: American Standard Code for Information Interchange

CCcCcCcCcc: Result of the CRC-7 calculatiover the previous frame. The description thfis CRC-7 calculation is
givenin 4.3.
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PathBIP-8 (B3) — Onebyte is allocated ireach VC-3, VC-4 or VC-4-Xc for path error monitoring function. This
function shall be 8IP-8 codeusingeven parity. The patBIP-8 is calculateaverall bits of theprevious VC-3, VC-4 or
VC-4-Xc before scrambling. The computed BIP-8 is placethénB3byte ofthe current VC-3, VC-4 ovC-4-Xc before
scrambling.

Signal label (C2) — Onbyte is allocated tindicate thecomposition othe VC-3/VC-4/VG4-Xc. Table 2which is based
on Hex code, provides codes for this byte.

TABLE 2/G.709

C2 byte mapping code

MSB LSB Hex code

1234 5678

0000 0000 00 unequipped

0000 0001 01 equipped-non-specific

0000 0010 02 TUG structure

0000 0011 03 locked TU

0000 0100 04 Asynchronous mapping of 34 368 and
44 736 kbit/s into the container-3

0001 0010 12 Asynchronous mapping of 139 264 kbit/s
into the container-4

0001 0011 13 ATM

0001 0100 14 MAN (DQDB)

0001 0101 15 FDDI

MAN  Metropolitan area network
DQDB Distributed queue dual bus
FDDI  Fiber distributed data interface
NOTES

1 Value 0 indicates “VC-3/VC-4/VC-4-Xpath unequipped'This value shall be originated if th
section is complete but there is no VC-3/VC-4/VC-4-Xc path originating equipment.

2 Value “1” is only to be used in cases where a mapping code is not definechbotieetable. Fo
interworking with old equipment (i.e. designed to trangmiy the values“0” and “1”), the following
conditions apply:

— for backwardcompatibility, old equipment shall interpraty value receiveatherthanvalue
“0” as an equipped condition;

— for forward compatibility, when receiving value “1” from old equipment, new equipment shall
not generate a signal label mismatch alarm.

3 Identification of the payload as whether it is Ad-4 or AU-3 structured can be indicated by
checking for the Y bytes in the Ab+pointer area.

4 There are 247 spare codes left for future use.
5 Mapping for MAN (DQDB) and FDDI are for further study.

[0)
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Path status (G1) — Orwyte is allocated t@onvey back to a VC-3/VC-4/VC-4-Xgpath originator the path terminating
status angerformance. This feature permitge status angerformance ofthe complete duplex path to be monitored at
either end, or at any point along that path. As illustrated in Figure 4-1, bits 1 through 4 convey the count of intérleaved
blocksthathave been detected in error e pathBIP-8 code(B3). This count has nine legehlues, namel®-8 errors.

The remaining seven possible values represented by these four bits caesatiffom someunrelated condition and

shall be interpreted as zero errors. VC-3/VC-4/VC-4-Xc pathote alarmindication is senback by VC-3/VC-4/VC-4-

Xc assembler whenever the VC-3/VC-4/VC-4-Xc assembler is not receiving a valid signal. The VC-3/VC-4/VC-4-Xc path
FERF is bit 5, which is set to a “1” to indicate VC-3/VC-4/VC-4-Xc path FERF, and is otherwise set to zero. The specific
received conditionsinder whichVC-3/VC-4/VC-4-Xc pathFERF is initiated are patAlS, signal failureconditions or

path trace mismatch. Bits 6, 7 and 8 are not used.

FEBE FERF (Unused)
1] 2] 3] 4 5 6| 7] 8
Virtual container path FEBE coding:
T1819320-92/d26

0000 0 Errors
0001 1 Error
0111 7 Errors
1000 8 Errors
1001

. 0 Errors
1111

FIGURE 4-1/G.709
VC-3/VC-4 path status (G1)

Path user channel (F2, Z3)These bytes are allocated fasser communication purposes between path eleraedtsare
payload dependant.

Position indicator (H4) — This byte provides a generalized position indicator for payloads and can be payload specific (e.g.
H4 can be used as a multiframe position indicator for the VC-1/VC-2.

Spare (Z4) — Thidyte is allocated fofuture, asyet undefined purposes. Thizyte has no defined value. The receiver is
required to ignore the value contained in this byte.

Network operator bytgZ5) — This byte is allocated for specific management purpo$es. tandem connection
maintenancehyte Z5 isused in the following manner: bits 1 to 4 are used as an incoming error count (W& Bhef

the IEC in bit 1) and bits 5 to 8 are used as a communication channel. The exact implementation of the tandem connection
features are for further study.

4.2 VC-1/VC-2 POH

The byte V5 is allocategbit 4 provisionally allocatedand bytesJ2, Z6 and Z7are provisionally allocated to the
VC-1/VC-2 POH. The V5 byte ithe firstbyte ofthe multiframeand its position is indicated by tA&J-1/TU-2 pointer.
POH bytes are only used in floating mode. The position of these bytes in the multiframe is given in Figure 3-10.

V5 byte: The byte V5 providebe functions of error checking, signal lalaeld path status of théC-1/VC-2 paths. The
bit assignments of the V5 byte are specified in the following subclauses and are illustrated in Figure 4-2.
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L1 L2 L3
BIP-2 FEBE RFI® Signal label FERF

1] 2 3 4 5] 6] 7 8

Virtual container path signal label coding:

L1| L2 L3 Meaning
0 0 0 Unequipped
0 0 1 Equipped — non-specific
0 1 0 Asynchronous, floating
0 1 1 Bit synchronous, floating
1 0 0 Byte synchronous, floating
1 0 1
1 1 0 Equipped — unused
1 1 1
 provisional allocation. T1819740-03/d27

Virtual container path FEBE coding: 0 No errors

1 One or more errors

NOTES
1  Virtual container path overhead is defined only in VC-2 #1 of VC-2-mc.

2 Value “1” is only to be used in cases where a mapping code is not defined in the above table. For
interworking with old equipment (i.e. designed to transmit only the values “0” and “1”), the following
conditions apply:

— for backward compatibility, old equipment shall interpret any value received other
than value “0” as an equipped condition;

— for forward compatibility, when receiving value “1” from old equipment, new
equipment shall not generate a signal label mismatch alarm.

FIGURE 4-2/G.709
VC-1/VC-2 POH V5 byte

Bits 1 and 2are usedor error performance monitoring. Bit Interleaved Parity (BIP) scheme is specifiBit. 1 is set
such thatparity of allodd number bit¢1, 3, 5 and 7) in albytes inthe previous VC-1/VC-2 is eveand bit 2 is set
similarly for the even number bits (2, 4, 6 and 8).

Note that the calculation of tH&P-2 includes the VC-1/VC-POH bytesbut excludedytesV1l, V2, V3 (except when
used for negative justification) and V4.

Bit 3 is a VC-1/VC-2 patHar-end-block-erro(FEBE) indication that is set to one and seatk towards a VC-1/VC-2
path originator if one or more errors was detected by the BIP-2, and is otherwise set to zero.

Bit 41) is a VC-1/VC-2 path remote failure indication (RF1). This bit is set to one if a failure is declared, otherwise it is set
to zero. The VC-1/VC-2 path RFl is sent back by the VC-1/VC-2 assembler.

A failure is a defect that persists beyond the maximum time allocated to the transmission system protection mechanisms.

Bit 5 through 7 provide a VC-I/VC-2 signal label. Eight binary values are possible in these three bit§0@ahakcates
“VC-I/VC-2 path unequipped”, andalue001 indicates “VC-I/VC-2 path equipped-non-specific payload”. Three values

are defined to indicate specific mappings as shown in FignZreThe use of these three values is optional alththagh

are not to be used for any other purpose. The remaining three values are reserved to be defined in other specific VC-I/VC-
2 mappings. Any value received, other than 000, indicates an equipped VC-1 /VC-2 path.

1) Allocation of these bit and bytes is provisional.
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Bit 8 is a VC-I /VC-2 patH-ERF. This bit is set to one if eitherT&J-l /TU-2 path AlS or asignal failure condition is
being received, otherwise it is set to zero. The VC-I/VC-2 path FERF is sent back by VC-I /VC-2 assembler.

J2 bytd): J2 is used toepetitively transmit a low order path access point identifighaba path receiving terminal can
verify its continued connection to the intended transmitter. This gatbss point identifier useéke E.164numbering
format. A 16-byte frame is defined for the transmission of this E.164 numbering. This Tfaingdsidentical to the 16-
byte frame defined in 4.1 for the description of the byte JI .

Z61) byte: Z6 isunder consideration tprovide a tandem connection monitoring functioriiasame way athe byte Z5
in the higher order POH. This shall not affect the end to end performance monitoring facility of the BIP-2 of the V5 byte.

Z71) byte: Z7 byte is reserved for further study.

4.3 CRC-7 polynomial algorithm

4.3.1  Multiplication/division process

A particular CRC-7 word is the remaindafter multiplication byX” and then division(modulo 2) by the generator
polynomialX” + X3 + 1, of the polynomial representation of the previous path trace identifier multiframe (PTI).

When representing the contents of bheck as a polynomiathe first bit in the block, i.ebyte 1bit 1 should be taken as
being themost significantbit. Similarly, G is defined to be thenost significantbit of the remainder and,Che least
significant bit of the remainder.

4.3.2  Encoding procedure

Contrary to e.g. CRC-4 procedure in 2 Mbit/s signals, the CRC-7 word is static because the data is static (the PTI
represents the source address). Tiésnshat the CRC-7 checksum can be calculaeqwiori overthe PTI multiframe.
For consistency with existing Recommendations, the CRC-7 checksum is to be calculated over the previous multiframe. In
theory this means that the 16 byte string that is loaded in a device for repetition transmissiohasreth&lchecksum as
the last byte although in practice it does not really matter because the PTI is static.
The encoding procedure is as follows:

i) The CRC-7 bits in the PTI are replaced by binary 0s.

i) The PTl is then acted upon by the multiplication/division process referred to in 4.3.1.

iif) The remainder resulting from the multiplication/division process is inserted into the CRC-7 location.

The CRC-7 bits generated do rdfectthe result of the multiplication/divisioprocess because, as indicated iabdve,
the CRC-7 bit positions are initially set to 0 during the multiplication/division process.

4.3.3  Decoding procedure

The decoding procedure is as follows:

i) A receivedPTI is acted upon by the multiplication/divisigrocess referred to id4.3.1 after having its
CRC-7 bits extracted and replaced by Os

ii) The remainder resultinffom the divisionprocess igshencompared on a bit-by-bit basigth the CRC-7
bits received.

iii) If the remainder calculated in the decodmactly corresponds tihve CRC-7 bits received, it assumed
that the checked PTI is error free.

1) Allocation of these bit and bytes is provisional.
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5 Mapping of tributaries into VCs

Accommodation of asynchronownd synchronous tributariggresently defined in Recommendation G.702 shall be
possible. At theTU-1/TU-2 level, asynchronous accommodation utilizes ahéy floatingmode, whereas synchronous
accommodation utilizes both the locked and the floating mode.

Figure 5-1 shows TU-1 and TU-2 sizes and formats.

T 3 columns
L~ | e
12| -
1123
) 27 —> 1728 kbi
TU-11 bytes 9 rows 8 kbit/s
27
27
— 125 ps
i 4 columns
2
112|13]|4
36 )
TU-12 bytes 9rows —p 2304 kbit/s
36
36
——125 ps
| 1] o 12 columns N
2
1123
TU-2 bly‘ggs 9rows —» 6912 kbit/s
108
T1819330-92/d28
108
~——'125ps

NOTE — The tributary unit pointer bytes (V1-V4) are located in ugied & four frame multiframe).

FIGURE 5-1/G.709
TU-1 and TU-2 sizes and formats
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5.1 Mapping of tributaries into VC-4
5.1.1  Asynchronous mapping of 139 264 kbit/s
One 139 264 kbit/s signal can be mapped into a VC-4 of an STM-1 frame as shown in Figures 5-2 and 5-3.

The VC-4 consists of nine bytes (1 column) path overhead (POH) plus a 9-row by 260-column giayttace as shown
in Figure 5-2.

270 bytes

v

A

261 bytes

Y
A 4

1 byte 13 bytes

g

™ SOH

J1 «— VC-4
— AU-4PTR | B3
(o7
Gl
0 SOH F2
H4
Z3
74
z5

VC-4 j ‘
I

POH

STM-1—

20 blocks of 13 bytes

< >
T1819340-92/d29
PTR Pointer

FIGURE 5-2/G.709

Mapping of VC-4 into STM-1 and block structure of VC-4
for asynchronous mapping of 139 264 kbit/s

This payload can be used to carry one 139 264 kbit/s signal:
— Each of the nine rows is partitioned into 20 blocks, consisting of 13 bytes each (Figure 5-2).

— In each row, one justification opportunity bit ¢)dfive justification control bits (C) are provided (Figure
5-3).

—  The first byte of each block consists of:
a) either eight information bits (1) (byte W); or
b) eight fixed stuff bits (R) (byte Y); or
c) one justification control bit (C) plus five fixed stuff bits (R) plus two overhead bits (O) (byte X); or
d) six information bits (I) plus one justification opportunity bit (S) plus one fixed stuff bit (R) (byte Z).
— The last 12 bytes of one block consist of information bits (1).

The sequence of all these bytes is shown in Figure 5-3.

The overhead bits (O) are reserved for further overhead communication purposes.
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1 12 bytes

AW—"

POH W, 96| X 96 | Y| 96| Y| 96 | Y] 961
X 96| Y] 96 | Y| 96| Y| 96 | X 961
Y 96| Y] 96 | Y| 96| X 96 | Y] 961
Y 96| Y 96 | X 96| Y| 96 | Z 961

T1819350-92/d30
Information bit

Fixed stuff bit
Overhead bit

M Frrrrrnd RRRRRRRR
CRRRRROO 111 11SR

NOTE - This figure shows one row of the nine-row VC-4 container structure.

Justification opportunity bit

O n O 1 —

Justification control bit

FIGURE 5-3/G.709
Asynchronous mapping of 139 264 kbit/s tributary into VC-4

The set offive justification control bits (C) ireveryrow is used to control the corresponding justification opportunity
bit (S). CCCCC = 00000 indicates that the S bit is an information bit, whereas CCCCK1 tindicates that the S bit is
a justification bit.

Majority vote should be used tmakethe justification decision in the desynchronifer protection against single and
double bit errors in the C bits.

The value contained itihe S bit when used as justification bit is not defined. rEbeiver isrequired to ignore thealue
contained in this bit whenever it is used as a justification bit.

5.2 Mapping of tributaries into VC-3

5.2.1  Asynchronous mapping of 44 736 kbit/s
One 44 736 kbit/s signal can be mapped into a VC-3 as shown in Figure 5-4.

The VC-3 consists of nineubframes every25 psEachsubframe consists of ofiyte of VC-3 POHE21 data bits, a set
of five justification control bits, one justification opportunity ihd twooverhead communication channel bits. The
remaining bits are fixed stuff (R) bits. The O bits are reserved for future overhead communication purposes.

The set ofive justification control bits is used to control the justification opportunity (S) bit. CCCOQ080indicates
that the S bit is a data bit, whereas CCCCCl£11lindicates that the S bit is a justification bit. Majonityte should be
used tomakethe justification decision in the desynchronifer protection against singlend double bierrors in the
C bits.
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85 bytes

A
v

POH 8R 8R |« RRC 8R CCRRRRRR 8R  CCRROORS

L 51| 200 8l 200l 8l 200!

125
s
T1819360-92/d31

R Fixed stuff bit

C Justification control bit

S Justification opportunity bit

I Information bit

O Overhead bit

FIGURE 5-4/G.709
Asynchronous mapping of 44 736 kbit/s tributary into VC-3

The value contained in the S bit when used as justification bits is not definextc€hesr isrequired to ignore thealue
contained in this bit whenever it is used as a justification bit.

5.2.2  Asynchronous mapping of 34 368 kbit/s
One 34 368 kbit/s signal can be mapped into a VC-3 as shown in Figure 5-5.

In addition to the VC-3 POH, the VC-3 consists giagload of 9x 84 bytes every 25 ps.This payload is divided in
three subframes, each subframe consisting of:

— 1431 information bits (l);
—  two sets of five justification control bits {CC));
—  two justification opportunity bits ¢$S,);

— 573 fixed stuff bits (R).

Two sets offive justification control bits € and G are used to control the two justification opportunity bitsaSd S,
respectively.

C,C,C1C4,C; = 00000indicates that Sis a data bit while gC;C;C,C; = 11111indicates that §is a justification bit.

C, bits control $ in thesame way. Majority votehould be used tmakethe justification decision in the desynchronizer
for protection against single and double bit errors in the C bits.
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The value contained inySand $ whenthey are justification bits is not defined. The receiveretwired to ignore the
value contained in these bits whenever they are used as justification bits.

NOTE — The same mapping could be used for bit or byte synchron®883it/s. In these cases; Bit should be dixed
stuff and S bit an information bit. By setting the;@its to landthe G bits to 0, acommon desynchronizer could beedfor both
asynchronous and synchronous 34 368 kbit/s mappings.

5.3 Mapping of tributaries into the VC-2
5.3.1  Byte synchronous mapping of 8448 kbit/s
Under study.

5.3.2  Asynchronous mapping of 6312 kbit/s

One 6312 kbit/s signal can be mapped into a VC-2. Figure 5-6 shows this over a period of 500 microseconds.

V5 FTITTTIR (24% 8) |
R CC,0000 1 R (24 % 8) |
Fr1rr1111{CC0000IR (24 % 8) 1 R
R CC, 11 1SSR 24 % 8) |
12 122 ( ) 125 ps
29 L1 TIR (4% 8)1
R C,C,00001 R (24% 8) |
l1111111/CC,00001 R (24x8)l R
R Cc,C,I 1 I SSR 24% 8) |
12 122 ( ) 250 ps
769 FT TR (24%8)1
R C,C,00001 R (24% 8) |
I1111111/CC,00001R (24 % 8) | R
R CC,I 1 I SSR 24 % 8) |
1S S5, ( ) 375us
z7®) FT TR (24% 8) 1
R C,C,00001 R (24 % 8) |
I1111111]CC,00001R (24% 8) | R
R C,C,I I ISSR 24 % 8) |
1C 1S, (24x8) 500 pis

a) T1819380-92/d33

Provisional allocation.
Fixed stuff
Justification control bit
Justification opportunity bit
Information bit
Overhead bit

O~ unwomx

FIGURE 5-6/G.709
Asynchronous mapping of 6312 kbit/s tributary

In addition to the VC-2 POH, the VC-2 consists3df52 data bits, 24 justification control bits, eight justification
opportunity bitsand 32overhead communication channel bits. The remaining are Fixed Stuff bits (R). The O bits are
reserved for future overhead communication purposes.

Two sets (G, Cy) of three justification control bits are used to control the two justification opportunities® S
respectively.
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C,C,C; = 000 indicates that;Ss a data bit while §€C,C; = 111lindicates that §is a justification bit. @ bits control $
in the same way. Majority votshould be used tmakethe justification decision in the desynchronifer protection
against single bit error in the C bits.

The value contained inySand $ whenthey are justification bits is not defined. The receiveretwired to ignore the
value contained in these bits whenever they are used as justification bits.

5.3.3  Bit synchronous mapping of 6312 kbit/s
The bit synchronous mapping for 6312 kbit/s tributaries is shown in Figure 5-7.

Note that a common desynchronizer can be used for both asynchronous and bit synchronous mapping.

5.3.4  Byte synchronous mapping of 6312 kbit/s

Under study.
V5 IMT1T11TIR (24 x8) 1 R
R 10 0000 I R (24x8) 1
11111111 |100000IR (24 x8)1
R 1011 IRIR (24 x8)1
125 ps
J2? HTTITIR (24x8) |
R 10 0000 | R (24 x8) 1
11111111 |[{100000IR (24 x8)1 R
R 101 1IRIR (24x8)1
250 ps
76 @ IMT1T11TIR (24 x8) |
R 10 0000 I R (24x8) 1
I1T1TTT1T11 {100000IR (24 x8) | R
R 101 I IRIR (24 x8)1
375 pus
779 IR (24x8)1
R 10 0000 IR (24 x8)1
11111111 [100000IR (24 x8) | R
R 101 1IRIR (24x8)1
500 ps

a) .. . T1819390-92/d34
Provisional allocation.

R  Fixed stuff

| Information bit
O Overhead bit

FIGURE 5-7/G.709
Bit synchronous mapping of 6312 kbit/s tributary

5.4 Mapping of tributaries into VC-12

5.4.1  Asynchronous mapping of 2048 kbit/s
One 2048 kbit/s signal can be mapped into a VC-12. Figure 5-8 shows this over a period of 500 ps.

In addition to the VC-1 POH, the VC-12 consists1023 data bits, six justification control bits, two justification
opportunity bitsand eightoverhead communication channel bits. The remaining are fixed stuff bits (R). The O bits are
reserved for future overhead communication purposes.
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Ll

C,C, 000 ORR

32 bytes

769
c,C, OO OORR

bytes

32 bytes

R
z7?®

C;C, RRRRR RS

S, 111

31 bytes

R

[
<

500 US  T1819400-92/d35

2 Provisional allocation.
Information bit
Overhead

Justification control
Justification opportunity
Fixed stuff

I nwoo—

FIGURE 5-8/G.709
Asynchronous mapping of 2048 kbit/s tributary

Two sets (¢, Cp) of three justification control bits are used to control the two justification opportunitiesn® S,
respectively. @C1C1 = 000indicates that §is a data bit while gC1C; = 111lindicates that S1 is a justification bit.
C, controls $ in thesame way. Majority votehould be used tmakethe justification decision in the desynchronizer for
protection against single bit errors in the C bits.

The value contained inySand $ whenthey are justification bits is not defined. The receiveretwired to ignore the
value contained in these bits whenever they are used as justification bits.

5.4.2  Bit synchronous mapping of 2048 kbit/s

The bit synchronous mapping for 2048 kbit/s tributaries is shown in Figure 5-9.

Note that a common desynchronizer can be used for both asynchronous and bit synchronous mappings.
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Floating tributary unit mode Locked tributary unit mode

4 V5 I R Byte 2
1 0 R R RRRR 1 0 R R RRIRR
3
32 bytes bytes 32 bytes
R i R Byte 36
329 125 s 11819410-92/d36

1 0 OO0 O0OORR

32 bytes
140 R
bytes 76 a)

1 0 R RRRRR

32 bytes

R
500 ps

[P
r

a, .. .
) Provisional allocation.

O Overhead
R Fixed stuff

FIGURE 5-9/G.709
Bit synchronous mapping for 2048 kbit/s tributary

5.4.3  Byte synchronous mapping for 2048 kbit/s

Figure 5-10 showdyte synchronous mapping f80-channel2048kbit/s tributaries EmployingChannel Associated
signalling (CAS). Signalling is carried in bytes 19, 54, 89 and 124 in floating mode and in byte 19 in locked mode.

The S, S5, S3 and § bits contain the signallinfpr the 30x 64 kbit/s channels. The phase of the signalling bits is by the
position indicator byte (H4) in locked tributary unit mode. This is illustrated in Figure 5-11.

Byte synchronous mapping of 31 channel tributaries is shown in Figure 5-12. Byte 19 carries tributary channel 16.

5.5 Mapping of tributaries into VC-11

5.5.1  Asynchronous mapping of 1544 kbit/s

One 1544 kbit/s signal can be mapped into a VC-11. Figure 5-13 shows this over a period of 500 ps.
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Floating tributary unit mode

V5
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TSO

Channels 1-15

Multiframe alignment signal

Channels 16-30

R

J2 9

R R R R R RRR

TSO

Channels 1-15

Multiframe alignment signal

Channels 16-30

140 R
bytes 769
R R R R R R RR
TSO
Channels 1-15

Multiframe alignment signal

Channels 16-30

R

z7?¥

R R R R RRRR

TSO

Channels 1-15

Multiframe alignment signal

Channels 16-30

R

500 ps

 provisional allocation.

bytes

Locked tributary unit mode

R

R

TSO

Channels 1 to 15

Multiframe alignment signal

Channels 16-30

R

125 s 11819420-92/d37

FIGURE 5-10/G.709

Byte synchronous mapping for 2048 kbit/s tributary
(30 channels with channel associated signalling)

(03/93)

Byte 2

Byte 19

Byte 36



Locked

H4 value CAS format Channel
C;3C,Cy T S; S, S3 S, S; S, S3 Sy
0 0 0 O 0 0 0 0 x y x x None
0 0 0 1 a b c d a b c d 1/16
0 0 1 0 a b c d a b c d 2/17
1 1 1 1 a b c d a b c d 15/30

T1819430-92/d38

FIGURE 5-11/G.709

Out slot signalling assignments
(30-channel signalling operations)

In addition to the VC-1 POH, the VC-11 consists 7afl data bits, six justification control bits, two justification
opportunity bitsand eightoverhead communication channel bits. The remaining are fixed stuff bits (R). The O bits are
reserved for future communication purposes.

Two sets (g, C) of three justification control bits are used to control the two justification opportunitiesnd$ S,
respectively.

C,C,C; = 000indicates that Sis a data bit while §C,C; = 111lindicates that S1 is a justification bit, €ontrols $in
the same way. Majority vote should be used to make the justification decision in the desynchronizer for protection against
single bit errors in the C bits.

The value contained inySand $ whenthey are justification bits is not defined. The receiveretwired to ignore the
value contained in these bits whenever they are used as justification bits.

5.5.2 Bit synchronous mapping of 1544 kbit/s

The bit synchronous mapping for 1544 kbit/s tributaries is shown in Figure 5-14.

Note that a common desynchronizer can be used for both asynchronous and bit synchronous mappings.
5.5.3  Byte synchronous mapping for 1544 kbit/s

The byte synchronous mapping for 1544 kbit/s tributaries is shown in Figure 5-15.

The §, S, S3 and G bits contain the signallinfpr the 24 x 64 kbit/s channels. The phase of the signalling bits can be
indicated in the Pand R bits in floating tributaryunit mode,and by the position indicatdoyte (H4) in locked mode.

This is illustrated in Figure 5-16. The usage of the P bits is optional, sincerttreonchannel signalling methods and

some ofthe channel associated signalling methods (Recommendation G.704) do not need the P bits. The out slot
signalling assignments for one of the channel associated signalling methods is shown in Figure 5-17.

5.6 VC-11 to VC-12 conversion for transport by a TU-12

When transporting a VC-11 in a TU-12, the VC-11 is adapted by addied stuff with even parity ashown in
Figure 5-18. Thus the resulting TU-payload can be monitorexhdcross-connected in the network as though it were a
VC-12 with its BIP value unchanged while preserving end-to-end integrity of the real VC-11 path.
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R R Byte 36
329 125 ps T1819440-92/d39
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TSO
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Channels 17-31

140 R
bytes 769
R RRRRRRR
TSO
Channels 1-15
Channel 16
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R RRRRRRR
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Channels 1-15
Channel 16

Channels 17-31
R
500 ps

|
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a) provisional allocation.

FIGURE 5-12/G.709

Byte synchronous mapping for 2048 kbit/s tributary
(31 channels with common channel signalling)
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V5
R R R R RRI R

24 bytes

J2?
c;C, 00 0O 1 R

24 bytes

bytes 769
c;C, OO OO 1 R

24 bytes

z7®
C;C, R R R S S, R

24 bytes

[
“

500 ps T1819450-92/d40

3 provisional allocation.

Information bit
Overhead

Justification control
Justification opportunity
Fixed stuff

DLOO—

FIGURE 5-13/G.709
Asynchronous mapping of 1544 kbit/s tributary
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Floating tributary unit mode Locked tributary unit mode
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"

V5
1 0 R RRR IR

R Byte 2
1 0 R RRR I R

24 bytes 24 bytes Byte 27

o
N Ry
[2]

329 125 s T11819460-92/d41
1 0 OO0 OO I R

24 bytes
104

bytes Zﬁa)
1 0 OO OO I R

24 bytes

z7?
1 0 RRRR IR

24 bytes

[
“

500 ps
3 Pprovisional allocation.

I Information bit
O Overhead

R Fixed stuff

NOTE — O bits are currently not defined in the locked tributary unit mode.

FIGURE 5-14/G.709
Bit synchronous mapping for 1544 kbit/s tributary
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Floating tributary unit mode Locked tributary unit mode

A A
V5 T R Byte 2
P, P S, S, S3S, F R 2 |R R S;S;S;S, FR
bytes
64 kbit/s channels 1-24 64 kbit/s channels 1-24 Byte 27
J2 125 ps  T1819470-92/d42

P, P S1 S, S3S4 F R

64 kbit/s channels 1-24

bytes Z6
P, Pp S1 S, S3S4 F R

64 kbit/s channels 1-24

z7
P1 Po S1 S, S3S4 F R

64 kbit/s channels 1-24

|
“

500 ps

F 1544 kbit/s tributary frame bit

Signalling phase indicator

S Signalling

R Fixed stuff

P.Py 00 on the first signalling byte of the multiframe

FIGURE 5-15/G.709
Byte synchronous mapping for 1544 kbit/s tributary
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Locked

Floating
I
Signalling
H4 value 2 state 4 state 16 state

P,PyS,$, T S S, S3§, S; S, S3 S, S; S, S3 S, Py Py
0 0 00 0 AL A, Agj Ay AL A, A A, AL Ab A A, 0 O
0 0 0 0 1 Ag Ag A; Ag Ag Ag A; Ag Ag Ag A; Ag 0 0
0 0 0 1 0 Ag Ap A A Ag A Aip Az Ag App A A 0 0
0 0 0 1 1 AgAyAisA Az Ay Ais A Az Ay Ais Ag 0 0
0 0 1 0 0 A7 AigAgg Ay Arr Ag Ag Axp A7 Aig Agg Ap 0 0
0 0 1 0 1 Ay Ay AxzAyy A Ap Az Ay A App Az Ay 0 0
01 00 0 A, A, A; A, B, B, By B B, B, B3 B, 0 1
0 1 0 0 1 As Ag A; Az Bgs Bg B, By Bg Bg B; Bg 0 1
0 1 0 1 0 Ag ApAp Ap Bg Byg Byp Bz Bg Byp By Bip 0 1
0 1 0 1 1 Aj3AyAisAp Bz By Bis Bjg Biz By BisBig 0 1
0 1 1 0 0 A7 AigAgg Ay Bi7 Big Big Byg By7 BigBigByp 0 1
0 1 1 0 1 Ay AxpAx Ay By By By Byy By By By By 01
10 00 0 A A, Az A, AL A) A;J A, C C, CzC, 1 O
1 0 0 0 1 Ag Ag A; Ag Ag Ag A; Ag C5 C¢ C;, Cg 1 0
1 0 0 1 0 Ag AjpAp Ay Ag AgAg Ay Gy CpCp;y Gy, 1 0
1 0 0 1 1 ApApAisAs Az Ay AisAg C3CyCisCp 1 0
1 0 1 0 0 A7 AigArg Ay A7 Aig Ajg Ay Ci7 Cig C19Cy 1 0
1 0 1 0 1 Ay Axp A Ay Az App Az Ayg Cpp Cpp Cp3Cyy 1 0
1100 0 A A, A; A, B, B, By B, D, D, Dg D, 1 1
1 1 0 0 1 A; Ag A; Ag Bg Bg B, Bg Dg Dg D; Dg 1 1
11 0 1 0 Ag AjpAp Ay Bg Byg Byy By Dg Dyg Dyy Dy, 11
11 0 1 1 ApApAisAg Bz By Bis Bjg Dig Dy DisDig 1 1
1 1 1 0 0 A7 AjgAgg Ay By7 Big Byg Byg Dy7 Dig Djg Dy 1 1
1 1 1 0 1 Ay Axp A Ay By By Byg Byy Dpy Dyp Dz Dy 101
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FIGURE 5-16/G.709

Out slot signalling assignments
(24-channel signalling operations)
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Frame

number n n+l\n+2|(n+3|n+4 | n+5|n+6 n+7
Use of Si bit Fs Yl YZ Y3 Y4 Y5 YG
(i=1,2,3,4)

(Note 1) (Note 2) (Note 3) (Note 5)

NOTES

1 Each $(i = 1, 2, 3, 4) constitutes an independent signalling multifravee eightframes. $includes
the phase indicator in itself, so that the PP-bits cannot be used for the phase indicator.

2 The Fs bit is either alternate 0, 1 or the following 48 bit digital pattern:
0011110110

A101011011 0000011001

1010100111

10000101

For the 48-bit digital pattern, the “A” bit is usually fixed to statentl isreserved for optionalse. Thepattern

is generated according to the following primitive polynomial (refer to Recommendation X.50):

3 Y; bit (j = 1 to 6) carries channel associated signalling or maintenance information. When the 48 bit

X'+ + 1

pattern is adopted as Fs frame alignment signal, egliti (Y= 1 to 6) can be multiframed, as follows.

le, sz, A

5 Y12

Yjy bit carries thefollowing 16-bit frame alignment pattern generated according to the gaimitive

polynomial as for the 48-bit pattern.

A011101011011000

The “A” bit is usuallyfixed to 1and isreserved for optionalse. Each ) (i = 2 to 12)bit carries channel
associated signalling for sub-rate circuits and/or maintenance information.

4 S bits (Fs, ¥, . . ., Y5 andX), all at state 1 indicate alarm indication siggalS) for six 64 kbit/s

channels.

5 The X-bit is usuallyfixed to state 1. When backwatllS for six 64 kbit/s channels is required to be

sent, the X-bit is set to state 0.

FIGURE 5-17/G.709

Out slot signalling assignments (24-channel signalling operations)
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V5

500 ps
T1819490-92/d44

Fixed stuff with even parity

FIGURE 5-18/G.709

Conversion of VC-11 to VC-12 for transport
by TU-12

5.7 Floating and locked mode conversion

There are two possible multiplexing modes of the tributary unit structures: floating and locked.

In the floating tributaryunit mode four consecutivé25 ps VCna frames § = 11, 12, 2)are organized into 800 ps
multiframe,the phase of which is indicated by the position indicayte (H4) inthe VCm POH (n = 3, 4). This 500 us
tributary unit multiframe is shown in Figure 5-19.

Locked tributary unit mode of transport is a fixed mapping of synchronous structured payloads inta aNMEprovides
a direct correspondence between subtending tributary informeatidthe location of thahformationwithin the VCm.
Since the tributary information is fixethdimmediately identifiablavith respect to the AW pointer associated with the
VC-m, no tributary unit pointers are required. All bytes of a tributary unit or TUG are available for payload usage.

Figure 5-19 illustrates the conversion between floaéindlocked TU modes for each dfe three tributarynit sizes.
Note that certairbytes(R) in the current set ahapping arenot used in the floatinghode in ordethat thoseamappings
can be used in both floatirapdlocked modes. Sincthe V1-V4 and V5ytes are reservethe 500 psvirtual container
multiframe is unnecessary. Therefore the role of the multiframe indicator byte (H4) in locked mode is to alefirgrés
signalling frames for byte synchronous mappings.
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Locked

Floating Tributary unit
Tributary unit Virtual container
Vi Byte 1[ R (V1 V2 V3 Vv4)
3 x 2[R | (V5 32 26 27)
. V5 : T
N
Byte (N+2) i
125 ps
1 V2
2 J2 a)
TU-11 TU-12 TU-2
<J n 25 34 106
11 V3 76 ®
2
z7®
1 V4
2 ),

500 ps
T1819500-92/d45

500 ps

Dprovisional allocation.

V1l PTR-1

V2 PTR-2

V3  PTR-3 (action)
V4 Reserved

V5  vC-1/VC-2 POH
PTR Pointer

FIGURE 5-19/G.709

Conversion between floating and locked Tributary Unit modes

5.8 Mapping of ATM cells

The mapping of ATM cells is performed by alignitigg byte structure ofeverycell with thebyte structure of the virtual
container used including the concatenated structurexX¥iC¥YC-x-mc, x = 1). Since the relevant containeor container-
x-mc capacitymaynot be an integer multiple of the ATM cell lend88 octets), a cell is allowed to cross the container-
boundary.

The ATM cell information field(48 bytes)shall be scrambletefore mappingnto the VCx or VCx-mc. Inthe reverse
operation, following termination of the ViCor VCx-mc signal, the ATM cell information field will be descrambled
before being passed the ATM layer. A self-synchronising scrambleith generatopolynomialx*3 + 1 shall be used.
The scrambler operates filre duration of the cell information field. During the 5-octet headesdtambler operation is
suspended and theerambler state retained. Duritite start-up procedure tlserambler seed has an all 1s value. Cell
information field scrambling is required fmrovide security against false cell delineatimd cellinformation field
replicating the STM-N frame alignment word.
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When the VCx or VCx-mc is terminated, the cell must becovered. The ATM cell header contains a header error
control (HEC) field which is used in a similaray to a framealignment word to achieve cell delineation. This HEC
method uses the correlation between the header bits to be protected by the HEC (32 bits) and the control bit of the HEC (8

bits) introduced in the headafter computatiowith a shortenedyclic codewith generatingpolynomialg(x) = x8 + x2 +
X+ 1.

The remainder from this polynomial is then added to the fixed pattern “01010101” in order to improve the cell delineation
performance. This method is similar to conventidrezhe alignmentrecoverywhere the alignment word is not fixed but
varies from cell to cell.

More information on HEC cell delineation is given in Recommendation 1.432.
5.8.1  Mapping of ATM cells into VC-4

The ATM cell stream is mappeédto container-4 with its octet boundaries aligned with the contaitgtetboundaries.
The container-4 is themappednto VC-4 together with the VC-BOH (see Figure 5-20). The ATM cell boundaries are
thus aligned with th&C-4 byteboundaries. Since the containecapacity(23400ctets) is not an integer multiple of the
cell length (53 octets), a cell may cross a container-4 boundary.

%
i . o Je—vea

B3

c2

G1

F2

wal--- | |
Z3

pL

zs -]

t T1819510-92/d46
VC-4 POH

ATM cell

53 octets
R —

FIGURE 5-20/G.709
Mapping of ATM cells in the VC-4

5.8.2 Mapping of ATM cells into the VC-4-Xc

The ATM cell stream is mappéddto a container-4-Xc with its octet boundaries aligned with the container4gyiéc
boundaries. The container-4-Xc is therppedinto VC-4-Xc togethemwith the VC 4-XcPOH and (X-1) columns of
fixed stuff (see Figure 5-21). The ATM cell boundariestates aligned with th&C-4-Xc byte boundaries. Since the

container-4-Xc capacity2340.X octets) is not an integer multiple of the cell len@g®3 octets), a celimay cross a
container-4-Xc boundary.

The H4 byte is not used for indicating cell offset and is reserved for future use.

5.8.3  Mapping of ATM cells into other VCs

Detailed mappings are under study.
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FIGURE 5-21/G.709
Mapping of ATM cells into a VC-4-Xc
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